16 5 UNAVCO, Boulder, CO 80301 okal@unavco.org 17 23 24 25 26 The supplementary information for this manuscript consists of two groups of files: 1) time-lapse 27 videos showing melting along the Garwood Valley ice cliff coupled with synchronous measurements of 28 net radiation balance (a), air temperature (b), and ice cliff surface temperature (c); and 2) summary plots 29 of measurements made at the continuous monitoring station (excluding measurements shown in Figure 3) 30 in addition to explicative figures providing details about measurement geometry, ice cliff change, etc. 31 32 Description of Time-Lapse Data 33 The supplementary videos show the Garwood Valley ice cliff (left) and net radiation 34 measurement (incoming and outgoing shortwave and longwave radiation in W/m 2 , measured into and out 35 of the ice cliff rather than upward and downwards), air temperature, and ice cliff temperature at the ice 36 cliff during eight representative days in January, 2012. At 78˚S, the sun is always above the regional 37 horizon, however, the steep topography of the valley walls, coupled with cyclically varying in insolation 38 direction, produce strong diurnal radiation patterns at the ice cliff. Radiation measurements were taken at 39 15 minute intervals, and are shown in tandem with synchronous photographs taken at 10 minute intervals. 40 The video was generated at 24 observations per second, creating a product showing four hours of field 41 observations per second of video playback. NB. For review purposes, the full resolution time lapse 42 video (277 mb) can be downloaded directly from: http://web.pdx.edu/~pdx06058/icecliff.mov 43 The time-lapse observations clearly show melting associated with positive radiation balances at 44 the ice cliff (incident radiation exceeding reflected/emitted radiation). Melting is most dramatic on fully 45 sunny days (e.g., 13 January and 15 January), particularly when the ice surface is darkened by sediment 46 fall from the overlying lithic cap unit. Melting is diminished on cloudy days (e.g., 12 January). Melting 47 numerical distribution of slopes remains relatively constant (see S14). 129 130 S14. Has the distribution of surface slopes at the ice cliff changed over the course of TLS observations? 131 Histogram showing fraction of ice cliff DEM profile pixels by slope, derived from profile data shown in 132 S13. The ice cliff has not become more gently sloped with time. Rather, sloughing of dry sediment 133 prevents the burial of the ice cliff. Steep, ice slopes have remained exposed throughout the observational 134 record. 135 136 S15. Plot showing radiation components at the ice cliff for sunny (S), partly cloudy (PC), and cloudy (C) 137 days. 138 139
shuts off when the solar incidence direction is from the south of the ice cliff, resulting in minimal incident 48 shortwave radiation and strong emitted longwave associated with ice cliff cooling.
49
The Garwood River can be seen flowing at the base of the ice cliff, however, the gap between the 50 water surface and the overwhelming majority of the ice cliff indicates that thermal transfer from the water 51 to the ice cliff is not the primary driver of ice cliff retreat. 
64
Low insolation values between March and October result from solar elevation dropping below the valley 65 walls, result in a transition from direct insolation, to diffuse insolation, to polar night (no insolation), and 66 a subsequent return to diffuse insolation in spring and direct insolation after Antarctic sun rise. cliff. Based on these imaging and geological lines of evidence, we can say with confidence that on the 147 observational record and within the preserved surface geology record, the Garwood river has not been at a 148 stage >~1 m above its current flow level. The ice cliff is 10-15 m tall. Transfer of heat from the river to 149 the ice cliff has therefore not been a major driver of thermal erosion during this period. 150 151 S17. This figure evaluates whether physical erosion at the ice cliff is controlled by oversteepening and 152 fluvial processes (e.g., erosion at a cut bank) or phase change resulting from ground ice melting (e.g., were analyzed frame-by-frame at 15 minute intervals in order to determine whether debris avalanches 155 (gravitationally-driven mass-wasting in which sediment falls from the region overlying the ice cliff to the 156 foot of the ice cliff) are controlled by gravitational processes alone or by phase transitions (melting of 157 pore ice) in the permafrost capping the ice cliff. Debris avalanches are binned by hour of day, and show a 158 strong trend towards more debris avalanches in the warm part of the day (mid-late afternoon) when 159 insolation is highest. This suggests that even physical erosion at the ice cliff is thermally driven and is 160 controlled primarily by melting of ground ice, typical of retrogressive thaw slump-like erosional 161 processes. 162 163 S18. How have thawing degree days changed in the MDV over the period of airborne LiDAR and TLS 164 observations? Plots of thawing degree days from austral summer 2000-2001 to 2011-2012, with (above) 165 and without (below) the 2001-2002 "melt year" 5,6 . Air temperature data were collected at the Lake Hoare 166 meteorological station, and were summed for summer months December, January, and February using 167 daily average air temperatures. Degree-days above freezing (DDAF) were not used because DDAF totals 168 for the MDV are negative (freezing degree days outweigh thawing degree days in this environment).
169
There is no statistically significant increase in thawing degree days in the MDV during the LiDAR study 
200
S2. Soil temperature measured at the base of the continuous monitoring station at 1-2 cm depth (see Figure 4 ). Sediments are wet at the end of the summer melt season, and become ice-charged during autumn freezing, accounting for the long-duration period near 0˚C in February, 2011 and the thawing period in November, 2011. Instrumental measurement uncertainty is <0.5˚C. S17. This figure evaluates whether physical erosion at the ice cliff is controlled by oversteepening and fluvial processes (e.g., erosion at a cut bank) or phase change resulting from ground ice melting (e.g., thermokarst processes). Time lapse image data collected between 10 January 2012 and 28 January 2012 were analyzed frame-by-frame at 15 minute intervals in order to determine whether debris avalanches (gravitationally-driven mass-wasting in which sediment falls from the region overlying the ice cliff to the foot of the ice cliff) are controlled by gravitational processes alone or by phase transitions (melting of pore ice) in the permafrost capping the ice cliff. Debris avalanches are binned by hour of day, and show a strong trend towards more debris avalanches in the warm part of the day (mid-late afternoon) when insolation is highest. This suggests that even physical erosion at the ice cliff is thermally driven and is controlled primarily by melting of ground ice, typical of retrogressive thaw slump-like erosional processes. S18. How have thawing degree days changed in the MDV over the period of airborne LiDAR and TLS observations? Plots of thawing degree days from austral summer 2000-2001 to 2011-2012, with (above) and without (below) the 2001-2002 "melt year" 5,6 . Air temperature data were collected at the Lake Hoare meteorological station, and were summed for summer months December, January, and February using daily average air temperatures. Degree-days above freezing (DDAF) were not used because DDAF totals for the MDV are negative (freezing degree days outweigh thawing degree days in this environment). There is no statistically significant increase in thawing degree days in the MDV during the LiDAR study period. Note, airborne LiDAR collected in 2001-2002 was collecting during peak thaw conditions-therefore this "flood year" cannot be the primary influence on ice cliff thaw from 2001-2002 to 2010. 
